Article Info Received : 20.03.2018 Accepted : 22.06.2018 The main purpose of this study was to characterize and classify soils of Wolkite University research sites, Gurage zone, Ethiopia. In each five research sites, Wabe (RS1), Geche (RS2), Yefereze (RS3), Kotergedra (RS4) and Keratemo (RS5), representative pedons were opened and described. Almost all the pedons were deep (>150 cm) with argillic B horizons and had clay textural class. The pH of the surface soils ranged from strongly acidic (4.5) to moderately acidic (5.6). The soils had medium (2.60%) to high (3.84%) organic carbon content and very low (1.46 mg kg -1 ) to low (10.34 mg kg-1) available phosphorus. The status of cation exchange capacity (CEC) and base saturation were ranged from medium (23.15) to very high (66.32 cmolc kg -1 ) and low (33%) to high (99%), respectively. According to WRB classification, pedon RS1 was classified as Haplic Vertisols (Hypereutric) with USD equivalent of Typic Haplusterts. Pedons RS2 and RS3 were classified as Vertic Alisols (Hyperdysric), which is correlated with Ultisols (Typic Haplustults) in USDA classification. Pedon RS4 and RS5 classified as Vertic Luvisols (Hypereutric), which is correlated with Alfisols (Vertic Haplustalfs) in USDA classification. Generally, the soils of the research sites were acidic with low status of available phosphorus, which need amelioration of soil acidity and nutrient management.
Introduction
Soils have diverse morphological, physical, chemical and biological properties. As a result, they differ in their responses to management practices, their inherent ability to deliver ecosystem services, as well as their resilience to disturbance and vulnerability to degradation (FAO, 2017) . Characterization and classification of soils have therefore paramount importance in using those resources based on their capability and to manage them in sustainable manner. Soil information obtained through systematic identification and grouping use for effective planning of different land uses, as they provide information related to potentials and constraints of the land (Lufega and Msanya, 2017) . Soil characterization studies are major building block for understanding the soil, classifying it and getting the best understanding of the environment (Onyekanne et al., 2012) . Soil characterization provides the information for our understanding of the physical, chemical, mineralogical and microbiological properties of soil. It also helps to organize our knowledge, facilitates the transferring of experience and technology from one place to another (Chekol and Mnalku, 2012; Adhanom and Toshome, 2016) . In Ethiopia, the studies that have been made so far were mostly at small scale, which could not be applicable for site specific land use and soil management. Therefore, adequate knowledge on soil characteristics at large scale and or local watershed or farm level is essential in tackling specific and local problems of agricultural production (Hailu et al., 2015) .
Wolkite University, one of the Universities in Ethiopia, has established five research sites in different location of Gurage zone. The main purpose of establishing those sites were to conduct research by the academic staff of the University, based on the identified thematic areas. To undertake soil related problem solving researches, it is mandatory to have information about the soils of the research sites: the morphological, physical, chemical, biological properties and their management requirements. In view of this fact, this research was initiated and conducted to characterize and classify soils of Wolkite University research sites.
Material and Methods
Description of the study area The study was conducted at research sites of Wolkite University, which is found in south western Ethiopia. The study encompasses five sites which are found in Gurage Administrative Zone of Southern Nations, Nationalities and Peoples Regional State. Generally, the research sites are located in three Districts of Gurage zone: Wabe (Abeshege), Geche, Kotergedra and Keratemo (Eza), Yefereze (Cheha) and geographically lies between 8°00'00"N to 8°20'00"N and 37°40'00"E to 38°10'00"E as indicated in the figure below (Figure 1 ). The main rainy season which accounts for around 70-90% of the total annual rainfall occurs from June to September. Two main distinct seasons, dry and wet seasons are recognized in the area. The dry season starts from November to May, while the wet season covers the remaining part of the year, when most of the precipitation takes place. Rain usually starts in March, but the effective rainy season is from June to October with the peak in July, receiving a monthly mean of 222.8 mm of rainfall. Based on the Ethiopian agro ecological classification Wabe, Geche and Yefereze sites are located in the Woyena Dega zone, where as Kotergedera and Keratemo sites are located on the Dega agro-ecological zones. Ten years' data obtained from Meteorology Agency indicated that the mean annual temperature ranges from 14 to 24 0 C with an average of 20.5 0 C. The slope steepness of Wabe, Geche and Yefereze sites are characterized by nearly level to sloping, while Kotergedera and Keratemo sites are characterized as nearly level to steep slope as indicated in the table below (Table 1) . Soil description and analysis A representative pedon, 1.5x2 m, was opened in each research site and described in situ following the Guidelines for Field Soil Description (FAO, 2006a) . General site information and soil description were recorded and samples were collected from every identified horizon. Based on the morphological properties and the laboratory analysis, the soils of the study area were classified according to WRB (FAO, 2014) and Soil Taxonomy (Soil Survey Staff, 2014) . The physical and chemical properties which were considered for the study were texture, pH, organic matter, total nitrogen, phosphorus, CEC and exchangeable bases. Particle size distribution was analyzed by hydrometer method (Bouyoucos, 1962) . Soil pH was measured in the supernatant suspension of a 1:2.5 soil: water mixture using pH meter. Soil organic carbon was determined using the Walkley and Black wet oxidation method (Walkley and Black, 1934) . Total nitrogen was determined using the Kjeldahl procedure (Wilke, 2005) . Available phosphorus was determined using Olsen method (Olsen and Sommers, 1982) , the reading was made using spectrometer at 880 nm. The cation exchange capacity was determined following ammonium acetate method (Sarkar and Haldar, 2005) . From the aliquots of the same extract, exchangeable bases were determined. The reading was made with Atomic Absorption Spectrophotometer.
Results and Discussion

Morphological properties
The pedons of the research sites, Wabe (RS1), Geche (RS2), Yefereze (RS3), Kotergedra (RS4) and Keratemo (RS5) were deep (>150 cm) with argillic B horizons ( Table 2 ). Slickensides were noticed in the subsoil horizons of pedon RS1. The moist color of surface horizons varied from brown (10YR 4/3) to dark brown (7.5YR 3/4), whereas the color of the subsurface horizons varied from dark reddish brown (2.5YR 2.5/4) to very dark gray (10YR 3/1) ( Table 2 ). The surface horizons were darker as compared to the subsurface horizons that mainly could be due to accumulation and decomposition of organic materials, as it was also discussed by previous studies (Mulugeta and Sheleme, 2010) . The surface horizons had granular structure with varied grade and size, whereas the subsurface horizons had moderate to very strong, and fine to extremely coarse angular blocky structure ( Table 2 ). The dry consistence of the surface soil was slightly hard (Table 2) , whereas the moist and wet consistencies were friable, and sticky/plastic, respectively. Likewise, the subsurface horizons had slightly hard to extremely hard (dry), friable to extremely firm (moist), and slightly sticky/plastic to very sticky/very plastic (wet) consistence.
Selected physical and chemical properties
The clay proportion was highest in all horizons of the pedons and as a result the textural classes of the soils of the research sites were clay (Table 3) . Its content varied from 58 to 86%, and generally increased with depth. The textural differentiation might be caused by an illuvial accumulation of clay, predominant pedogenetic formation of clay in the subsoil, selective surface erosion of clay, upward movement of coarser particles due to swelling and shrinking, biological activity and a combination of two or more of these different processes (FAO, 2014) . In the surface horizons of the pedons, silt and sand contents varied from 12 to 26 % and 8 to 30 %, respectively, whereas their respective values varied from 9 to 32 % and 2 to 11 % in the subsurface horizons.
The pH (H2O) of the surface soil of the research sites ranged from 4.5 to 5.6, whereas the subsurface values were between 4.8 and 6.9 (Table 3) indicating that the soils are strongly acidic to neutral (Horneck et al., 2011) . In most of the pedons, the pH values increased with increasing depth. Considering the optimum pH for many plant species to be 5.5 to 6.8, the pH of the soils in study area less than 5.5 could be considered as unsuitable for most crop production. The organic carbon (OC) content ranged from 2.60 to 3.84 % in the surface layers of the pedons and categorized under medium to high (Tekalign et al., 1991) . The values decreased with increasing depth in all pedons (Table 3) , as observed in previous studies (Dengiz, 2010; Mulugeta and Sheleme, 2010; Paramasivan and Jawahar, 2014) . The total N content of the surface soils ranged 0.26 to 0.39%, and rated as high (Tekalign et al., 1991) . Similar to OC, total N content decreased with depth in all pedons (Table 3) . According to Hartz (2007) , soils with less than 0.07% total N have limited N mineralization potential, while those having greater than 0.15% total N would be expected to mineralize a significant amount of N during the succeeding crop cycle, showing that most of the soils have good potential of N mineralization. The available phosphorus content of the pedons ranged from 0.49 in subsoil to 10.34 mg kg-1 in surface horizon (Table 3) , which could be categorized from very low to low (Jones, 2003) . Relatively the maximum available P was recorded in pedon RS4, where the OC was highest (3.84). According to Carrow et al. (2004) , P-Olsen between 12 to 18 mg kg -1 is considered as sufficient and hence the available P in surface horizons of all pedons was insufficient range. Available P values declined with increasing depth which could be attributed to decrease in soil OM. The increase in clay content with depth could have also contributed to decrease available P (Mulugeta and Sheleme, 2010) .
Cation exchange capacity, exchangeable bases and base saturation
The overall cation exchange capacity of the soils ranged between 23.15 and 66.32 cmolc kg -1 (Table 4) , which is medium to very high in accordance with the rating of Hazelton and Murphy (2007) . The highest CEC was recorded in pedon RSS1, where the highest pH (6.9) was observed and as the pH values of the pedons decrease the CEC also decreased. This showed that soil pH and CEC have direct relation. The results revealed that the contents of exchangeable Ca and Mg varied from 3.20 to 35.74 and 1.60 to 20.35 cmolc kg-1, respectively, whereas exchangeable K varied from 0.24 to 1.44 cmolc kg-1. In accordance with the ratings of FAO (2006b), the soils are categorized under low to very high for Ca, medium to very high for Mg and low to very high for K content. Calcium and magnesium were the predominant basic cations in the soils. Similar observations had been made in the previous studies (Sharu et al., 2013, Paramasivan and Jawahar, 2014; Kebede et al., 2017) . The exchangeable Na accounted only 0.1 to 1.9% of the exchangeable cations (Table 4 ). The Na content throughout the profiles of all pedons was low indicating the absence of sodicity problem. The percent base saturation of the pedons ranged from 33 to 99% (Table 4) , which could be categorized under low to very high contents (Hazelton and Murphy, 2007) . Classification of soils of Wolkite University research sites Soil classification based on WRB legend Pedon RS1 possessed thick (≥ 25 cm) subsurface horizons that had greater than 30% clay, with cracks that open and close periodically and had slickensides in the subsurface horizones, which qualify it for vertic diagnostic horizons and also had base saturation (by 1M NH4OAc) of 50 percent or more throughout between 20 and 100 cm from the soil surface and 80 percent or more in some layer between 20 and 100 cm of the soil surface (Table 4) , that qualify hypereutric with haplic principal qualifier. Thus, the pedon is classified as Haplic Vertisols (Hypereutric). The remaining four pedons: RS2, RS3, RS4 and RS5 had subsurface horizons with distinct higher clay content than the overlying horizons, qualifying for argic subsurface diagnostic horizon. Pedon RS2 and RS3 had low base status, vertic principal qualifier and hyperdystric (base saturation <50% by 1M NH4OAc) supplementary qualifier, as a result the pedons classified as Vertic Alisols (Hyperdysric). Alisols correlates with Ultisols in USDA classification. However, pedons RS4 and RS5 had base saturation (by 1M NH4OAc) of 50 percent or more throughout between 20 and 100 cm from the soil surface and 80 percent or more in some layer between 20 and 100 cm of the soil surface (Table 4) , as a result the pedons classified as Vertic Luvisols (Hypereutric). Luvisols correlates with Alfisols in USDA classification. , 2014) . The pedons were further grouped under Ustults at suborder level due to their ustic soil moisture regime and Haplustults and Typic Haplustults, at great group and subgroup levels, respectively. Pedon RS4 and RS5 also had argillic diagnostic horizons with a base saturation (by sum of cations) of greater than 35 percent, and hence categorized under the order Alfisols. The pedons were further grouped under Ustalfs at suborder level due to their ustic soil moisture regime and Haplustalfs and Typic Haplustalfs, at great group and subgroup levels, respectively (Table 6 ). 
